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1.0 Ho>» It Uo.-ks 

1.1 Introduction To Fib»i — Ootic Sensors 

Present sensor technology hes not kept pace with the 
dets. accumulation and reduction capability o-t modern 
microelectronics. Available sensors are bulky, cost’y. 
and not readily comp a table with digital microprocesfing 
electronics. So a means o+ measuring temperautre, 
pressure, -flow rate, and similar parameters would greatly 
enhance the per-formance oi many svstemis. Yet such sensors 
will need to withstand hostile environments, including 
e 1 ec tr orr-agne t I c i n ter -f er en _e . With the recent rapid 
acceleration in the growth o-f •fiber optic transmission 
svstems.it seems natural that all -optical sensors would be 
the logical next step. 

Fiber-optic sensor systemis to be iriost useful should 
ha'-'e a digital tr ansrri i ss i on formiat and be independent of 
intensity variation. Thus, the number of light wave 
tr ansTTi I ss I on parameters which can be utilizerd is limited 
(although these constraints do not limit the numiber of 
pa-arrieters that can be used for sensing). If single i.iode 
fibers were used, five characteristics of light could be 
applied to digital tr ansrri i ss i on : amplitude, intensity, 
wavelength, phase, and pel ar i za t i on . Ho'vever , rriultimoide 
fibers are currently practical. These restrict 
transmission scherries to digital intensity modulation 
.binary, pulse width, frequenc>-, etc.'', wavelength (or 
C'Clc • m.odj 1 a t I or. , and color rriu i 1 1 p 1 e >' i ng . 

I t '' s desirable that transducers produce digital 
signals directly, rather than reauvire the analog-to- 
dig'tal converters used with conventional sensors. 

Furthe’’, tran sducers should require only optical input 
power . 


With these criteria, a " d i g i t a 1 -corripa t i b1 e " sen so- 
can be any sensor which is not affected directly by 
artiplitude variations (such as changes in fiber or 
■ponnector a t tenua 1 1 on > . The possibilities for sensor 
construction are as extensive as the potential 
applications. Opcoa has developed under Contract 

-3-2;i522 one such promnsing sensor (F^ T-1000>, as 
discussed in this operations mianual. 

Fabr ,v -Per ot sensors invc-l'e a miu 1 t i p 1 i c • ty of 
reflections and splitting of a be ami of light such that 
interference and support of the comiC onen ts of a single 
1 ight ra- can occ.jr man. tirties. Such sensors have the 
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desireble c^.9^ ec ter i s 1 1 c thet the chenge in output can be 
very sharp -turictiori o-f the wavelength. 

The sensor s'^sterri shown in Figure 1.1 consists o-f a 
broadband light source coupled into a -fiber which 
transrriits this broadband spectrurri to the remote sensor 
elerrient. The sensor elerr.ent is a variable gap Fabry-Perot 
cavit> which miodulates the re-flected spectrum according to 
gap difTtens I on . The reflected spectrurri is fiber 
tr cnsfT ' 1 t ted back to a n i cr opr ocessor -based , color 
demodulation systerr, . This color demodulation is 
accomplished bv prisrri dispersion over a charge- i n tegrst i ng 
1 I ne-s :ann I ng device fCLD>. The rri i croprocessor analyses 
thw spectral data and converts it to temperature 

This manual presents a discussion of the FP T-lOOC 
hardi'arc, softward, operation and performance. 

2.0 Hardware Description of the OPCOA FP/T-1000 

2.1 Sensor 

The sensor which was delivered under Contract Nnb 
2-2?-22 is as sho'-m in F i gv e 2.1. This sensor dees not 
differ in iMa v s wh i c h wou Id be apparent in this dr a w i ii g , 
•From planned subseauent senso''s. The-e are, however, 
details concei’ning the particular unit delivered, ivf icn 
a’’ e imco'tant. These details wll be discussed in the 
f o 1 1 O'" I n ij de s c r I p t I on . 

The b:d> ' 1 ' o-^ the senso'' , Figure 2.1 . and the ti^'C 
e r c a c s < 1 ■' a i" c • r * , a - e c 'on s t r u c t e >d of 304 stainless 
s^eel. I'h I s steel has a melting point of 1427-1510 oec-C 
• 2'r0C-2750 Fj and an ann^-aling point of 1037-1093 deg-C 
1 j-I vC'v P . Tne scaling temperature for continuc.s 
seri..'i.:e is 8*'- de-g-C 1 o50 F) . These values are evpecte-d 
to be sat I sf ac tor V for moderate duration low-stress 
apc 1 I c a * 1 on at the design miay i rriuiTi temperature of lOCO deo- 
C. For e teroed use of the sensor at higher temperatures, 
an allo>- such as 330 stainless mia . be preferred for these 
boa.»' parts, in order to give better strength, as well as 
I rr.p reed resistance to car bur i ra t i on , oxidation and 
r-e-fTi' s*'S'Ci’ . 


The spring •. 4 > provides a compressive force to hold 
the cofTiponei-'ts in place. The comipliance o-t the spring 
allows this Force to be rria. i n t a i ned during the differentia’ 
eypansion encoun tered during use of the sensor. This 
spring in the 'ZJeivered sensor is an ord'narv room- 
t empe r a t ur e -s t e e 1 sc-’ing. The spr i ho is in the outer part 
of the sen SO'" a '. 3 is thus not subjected to the intensive 
“ e r * c the actual sensing element. hc"'iever , it is 
reccgnize'd that tertiper a tur es will be quite high here as 
I'e’’. Ee-^ore a final design of this spring can be rr.ade . 


I ^ U 


^ : - r > to d* t m I r e just H oi/' h I oh the 
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tempf'r * tur e will be in this region. 14 it it found thet 
the temper e ture is so high thet a suitable spring design 
IS excessively difficult, it may be desirable to redesign 
the housing so th^t a spring force can be provided from a 
location of somewhat lower temperature. 

The Coupling Rod is integral with the fibers (<£■). 

This rod is cast of the h i oh -temp era ture miaterial, 
Sauereisen No. 12. This material, made by the Sauereisen 
Cements Company of Pittsburgh, P^^, 15238, it a chemically 
setting inorganic cement with a maximum service 
temperature of 1204 deg-C (2200 deg-F> . 

The fibers are QSF-300-AS fibers, made by Fibres 
Optiques Industries, an'- distributed by Ouartr Products 
Corporation of Plainfield, NJ, 070^1. These fibers are 
specified by Quartz Products to be "All -Silica Fibers" and 
are maoe bv combining "axial plasma deposition and lateral 
plasma deposition methods." These fibers contain a pure 
fused silica core, optical cladding, surounded with a 
silica coating. 

In the coup-ing rod (5), the plastic coating of the 
fiber has been removed from the fibers except for a short 
portion near the spring end of the coupler. As with the 
spring, it is not known whet the temperature will be at 
this location. Thus it is anticipated that the heat at 
t ti I s location mia ' be excessive for the Jacketed fiber. If 
ths IS the case, the fiber will require Sauereisen 
coating farther out (longer coupling rod), and/or 
replacing the fiber w'th a fiber of higher temip era ture 
res I s t a n c e . 


Steel washer-shaped shimis (7) are used between the 
CO.:'' I r *■ roc and the sensor assembly. In the delivered 
assemiblv three shimis are used here with a total thickness 
of 0.25 mifTi (.010">. These shimis are rriade of standard steel 
<fTiagnetic) "shirri stock" which has an unde termi i ned 
temperature resistance. Clearly it will be necessar * to 
either verify the temiper a tur e resistance of the iriateria' 
usee, or to use a higher terriper ature steel in future used 
for very high temiper ature . 

The purpose of these shimis is twofold. First, they 
distribute the pressure from the coupling rod to the 
sensor asseiTibly. It is important that this holding 
pressure be applied around the c i r cumif er en t i a 1 periphery 
of the sensor. This is true because, although the top of 
the sensor is relatively rigid, the high sensitivity of 
the Fabry -Perot gap miai'es it respond to mioderate pressure 
applied at the center of the top (10). Second, the shirris 
a 1 I oi ' spa: in c o* the coupling rod for rria y i rriurr optical 
: ou pi I h g e f f I c I e n c y . 

The sensor asserr.ol . itsel-*', the sensor "button" ( P , 
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Figure 2.2--Sensor Element 



Figure 2.3 — Confocal Fabry-Perot Sensor Element 
Components Before Optical Bonding 



Figure 2.^ — Low Temperature "toughing” effect in 
confocal resonator 
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10), cons. If ti oi h base ^8>, en expens ion coller or 
sleeve ^9^, end e top (10>. These perts ere shown in more 
deteil in Figures 2.2. Both the bese piece, which 
includes the center post, end the top ere mede o-f Corning 
Gless Uor ^ s "ULE" 7971 titenium silicete, e meteriel which 
hes e coe-f 't I c I en t of expension of ebout 0 . 05E-6/deg-C , e 
velue which is ebout 1/10 thet of fused silica. The 
expension collar is mede of Coriing 7940 fused silica. 

Thus the fused silica, a materiel which often finds 
engineering application because of it's low expansion 
coefficient, is here used as the expansion element, 
working against the lower expansion titanium silicate. 

This choice of two 1 chai expansion materials is dictated by 
the high temperature requirements of this particular 
sensor. Other members of the OPCOFi FFvT family will work 
with materials suita&le to their respective temperature 
ran ge . 


The expansion collar is fusion bonded to the base. 

Fil though a 1 ower -than-op t imum pressure was applied to this 
base-collar bond during assembly of the delivered sensor, 
this bond has been temperature crcled to 1000 deg-C, has 
held UP With no problems during rrianv tests, and is 
expecteo tc perform well. 

The top is "optically contacted" to the expansion 
collar; that is, the optical polish, cleanliness and 
assemb’. techn-ques are of such precision that the parts 
in the asserribled state are suf f i c i en 1 1 y close together for 
molecular attraction to provide the holding force. No 
other bon.3 is either requwed or desired here. 

■^he sehs.-r "button" delivered under this contract 
1 ncor por a tes an expe* imental grinding <>and polishing' 
technique which was intended to reduce the cost of 
produring the "initial" gap, i.e., the gap at room 
temperature. This technique was only partly successful. 
The techno ue and the problem which it produced will no''* br 
described. First the technique is to grind the surfaces 
•or one Surface) slight lx concave, as shoiAin in Figure 2.3. 
The concavitv is of the order of an eighth to a quarter 
of a visible wave length. When the parts are then 
opt 'call* contacted, there is sufficient elasticity in 
them, to alio*'-; the top to fully contact the sleeve. (The 
existence of "optical" contact can be seen bx thr absense 
of reflection at this bou n dr y , ) 

This technique for producing a roomi-temiper a tur e gap 
worked as planned. Fin unexpected problem,, however, was 
encountered, nt and slightly above room, temiper a tur e . 
there appears to be a touching of the post 'center ^'f base 
8* the sensor top. Fresumiably the geomietry of what is 

nappening is appr ox imistel y as is showr, in Figure 2.4. Tne 
e.. I stance of this probab'e touching is indicated t' a 
1 O' 'f ring o* the sensor sen 5itiV!t> *opticall> m,easureo gsr 
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ch*ng« “for k giv^n t*mp»r*tur* ch#ng*», *« lontr 

t*rij. er* tur *t *r«- *pcr o»ch*d • Tht r**u1t if non 1 i n**r i t » 

♦ Id r*duc»d ♦ccur^c' o-f t*mpfr *turf fTif'^f ur *rri*n t 4rom r com 
t*mp*r^turf to ♦bout 140 d*g-C. 

Th i f ♦t^frct c^n b* •♦♦n in Figuif 2 . 5 , which if ♦ 
plot o-f t»mpfr*tur» ut "XS" , ♦ me^fure o4 th* F*bry-P*rot 
g*p d*t*rmin*d by ♦n^lytit cf th* »p*ctrufTi. Th* unitf ot 
>2 ♦r* fc*l*d 4 or compu t ♦ t i on* 1 »p**d *nd conu9ni*nc*. 

Th* ♦ctu*l indic*t*d F*bry-P*rot g*p in mi crofti* t*r t <um> 
c*r, b* obtfin*d b* dividing X3 by 12.14. Thuf it c*n b* 
f**n in Figur* 2.5 th*t th* g*p *t room. t*mp*r*tur* if 
indic*t*d to b* »bout 1.8/12.14 * 0.148 umi, or 148 nmi, or 
1480 4., Th* g*,p *t th* point wh*r* th* curv* b*ginf to 
d*'.‘ijte -from. ’iin**rit> if m**tur*d to b* 3/12.14 * .247 
umi, or 247 nmi, or 2470 A. It c*n b* f**n th*t th* gsp 
cn*rig,*c f> onlv O.J umi. or 1000 A o"*r tn* '.orJin**r 
r *g • on . 


^^^♦rririg to Figur* 2.4, it would b* ♦ffumi*d th*t 
touching b*gint wh*n the center gep if ebout 2500 A, end 
th*t comipresfion ot the touching corner* occur* •trom. ♦oout 
140 o*g-C, oo'''n to roomi tem.peretur* *t ebout 20 d*g-C. It 
feem.f cleer thet during thif comipr *f s i on , mncro chip* mi*v 
•formi. end thet the** chips. *s well *f *ny other debr i * 
thst mi*. h*i'* not been remioved in th* c leering, miev during 
dit + *r*nt temipereter* crclef **et in di“ft*r*rit wev'S era 
theret- csus* ♦ certein emiount cf r endomin* ss in *.ne 
indiceted temip*'"* tur * in this region o* mi*e lur *mi*n t . 

Em.p n !. s I r I r. g thi* prot/*Ti is the ■ti-ct thet cur-'ietur* 
introduced into th* celibretion curve, beloi'i 140 deg-C . 
in creeses the t eriiper eture ditterence reported ■for ♦ given 
uerieticr. in ectuel gep . f'lo cleim.s therefore er* miede 
opereticn oeioi'i 140 deg-C. 


2.2 Electro-Optic Converttr 

The El ec tr o-Op ^ i c Converter is shown in Figures 2.6 
♦no 2.7, The only connections to this converter *re vie 
the tvio -tiber-optic connectors *nd the single 25-p i n 
electricel connector, teen in the -figure on the neer end 
ot the enc’osure. A single mu 1 1 1 con due tor ceble tromi th s 
connector to the Sign el Processor 'Section 2.3' prc'ioes 
th* El ec tr c-Or 1 1 c Converter with electricel pc"*'er eno 
sign*l«. tror the processor, end retu'-ns signels tro" tne 
Electro-Optic Converter to th* processor. 

jhf crp. 'T-jcififi sensor itselt hes oni two c on’’-* : t ' o' s 
m.eae to it. enc these two er* the two titer -optic cedes 
which ettech to the two tiber-optic connectors mientioneo 
ir The cei-rgreph ebove. One o-t these octice’ cee’es 
pro. 'toes e source of i 1 1 urn. i ne 1 1 on tc the sensor, er c tr e 











ORIGINAL PAGE k3 

Op»r * 1 1 ng Miitiij » 1 OF POOR QUALITY 1 1 

OPCC**^ FF T-IOOO 20. 1 P&4 

othfr c*blf r*turnt th* tigniil ironi th* t*n»or to th* 

El *-ctro-Opt I c Convi-rt»r, 

Figur* 2.6 ihCHAit th» El 6C tro-Op t i c Coriv*r t*r with th» 
cov*r 4rofTi th* optic*1 tide th* *nclo*ur*, Th* 

opticAl c omp or. * n t « *r* rTiount*d on wh*t might b* t*rm*d » 
minietur* optic*1 b*nch, Th 1 1 contift* o-f * 6.35 mn. 

thick *1uminum p1*t* which c*n b**n «**n «« th* 
bC'ttcffi 0 "f th* op*n »p*c* vitibi* in th* 4igur*. Thii 
pl*t* h»« tucc*t«^u1 1 y provid*d th* t*mp*r».tur* *nd 
ph*iic*1 *t»bility n*c*i»*ry to m*int*in th* r*quir*d 
long- *nd thor t-t*rmi »t*bility o^ th* optical p»rt*. 

Tn*** optic*l p*rti, •» »**n ir Figur* 2.6, *r* •* 
^cllc'it On th* n**r l*4t i« th* illumin*tion tourc* *nd 
tn* coiiri*c tor 4 or *tt*ching th* illuminating 4ib*r, Th* 

1 *mD in th* *nclotur* if * W*l*h-Allyn 00200 mjni*tur* 

1 . Th* 1 *aip b*** int*^ if inter 'b*d "UiA2'‘ . B*c*ut* 

♦.h‘f 1 »rrip It commonly ut*d in m*dic*l in*trum*ntf, it is 
r**dtlv ••'*il»bl*, 4or *if*fripl* -fromi m*dic*l tupplr 
houttt. In ♦pplic*tion h*r*. th* 1 *mp h*t b**n d*r*t*d to 
*bott 3000 hours *v*r*g* li^*, b*s*fi on m*nuf»ctur*r s 
5C'*c 1 1 I c * ♦ ' ons . Th* *l*ctronic p*rts s**n 4»rth*tt ■fror. 
t.n* v'i*ui*r corner IS* * tolid-st*t* twitch which giu*t tn* 
p*oc**sor on-oi't control ou*r th* 1 *mp . 

Th* t*fT.p*r *tur*-*ncod*d light sign*l which r* turns 
from th* stnsor ♦nt*rs th* E We tr o-C'p t i c > 1 ^onucrt*r 
thfough *^h* I b*r -op t I c conn*ctor t**n to th* right, 
tor* ground. Imm*d' * t* 1 r btyoro this conri*ctor ttructur* 

« i-n #-d.* us ♦ rbl * optic*! slit, th* top o-f which c*n b* 
s**'- in th* tigur*. This slit h*s b**n s*t to *.bout 50 urn. 
<0.0C2"> in th* unit d*liu*r*d. 

i-.tt*r th* slit, *w* / *nd to th* l*-ft in th* ^igur*. 
*r* ti'io l*nt*s »rd * aisp*rsing pr.tm, Ooth l*nt*s *r* 
*cnrom*ti o^ *bout 50 miri ^oc*l l*ngti. end 20 mm di* 

2. 5>. Th* prism is *quil*t*r*l, 30 n-m on * s i d* *i’cJ 20 
mm h I gh , 


”^h* 4.rst l*ns (n**r*st th* ui*w*r> is mount*d on* 
^oc*l l*ngth 4rom. th* slit, so th*t th* r*ys l**uiny it 
*r* *is*rti*n> ;.*r*ll*l, A round t*rg*t on th* 4*r 
I ns Id* w»ll c-f th* houting h*s th* t*m* di*m*t*r »s th* 
1*ns *r.d is us*d ^or »ligning th* ^irst l*ns <with th* 
pritm t*fTipor *' I 1 » r*mov'*d>. Uiith prop*'' *lignm*nt. light 
•trom th* ^ib*r will produc* • spot or. th* t»rg*t th* s*m* 
siz* *S th* t*rg*t. W th* l*ns is toe n**r or 4*'- .*>-o- 
th* slit, th* spot wilt b* cor r *spona . r,gi . too l*rg* or 
sm*ll, 14 th* i*r* IS imp*c-t*rW positionsd, th* trot 
I.'l 1 1 not sue *r PC I* tn* t*rg*t. It th* t’'t IS hot 
pro:*riy po*itton*d r*l*tiu* to th* *r.d O-* th* 4ib*r, tr.* 

I M urn. I n* » I or. o4 th* tpot will not b* uhi4orm. One* th* 
f''t ^rc I r { * l*r.f *-* *.ligr,*d. th* prifft is r*pl*C*Z *'-r 
th* s*:onr Whs is p Oi « 1 1 on* c n**r tn* pr i irr . Tn* *ng'*i 
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■for the-rf are based on the eypected re-fraction of the 
prism. Finally, the mounting block for the Charge- 
inte grating Line-Scanning Photodiode fir ray is positioned 
one focal length from the second lens. It is to be noted 
that all mountings haue designed into them the 
adjustability needed to fine tune x/ie alignment and focus 
of the system. 

The Char ge - i n tear at i ng Line-Scanning Device (CLD^ 
sensor is a 128-element electro-optic device made by EGtcS 
Pet icon, Sunnyvale, 9408c, type RL128S. The 128 

elements in this light sensor have 0.025 mm n iTiil) 
spacing for an array length of 3.25 mm (about 1/8" >. The 
elements are charged ac the beginning of a cycle, and 
Our I no the light-sensing interval, these small diode 
capacitors Discharge in proportion to the light falling on 
them, th>j= giving a reading proportional to the t i me- 
in teo'' a 1 of the illumination falling on them during that 
perioo. Curing the read sequence, the charges are 
ti" ansf e’’ r ed out in time secuence b> solid-state multiplex 
SI*' itches driven by two internal shift registers. 

The face of thi« CLD sensor is mounted directly to 
the CLC' mounting block, so that the alignment of the 
sensing-element arra^ is not dependent on the seating of 
tne electrical connector. The "DIP" socket for the CLD is 
artachec to the flat cable which can be seen extending 
fr orr behind the CLC mounting block through the "optical 
bencr." plate to* aro the space below the "bench". 

Fic.-r 2.7 ahoi'is the Electro-Optic Converter housing 
r.-nec ovei" , and with the cover on the other side removed. 
The space below this side reveals the specialized ClC- 
eiectrcnics. This board is a standard ieticon PC circuit 
'.T, icr e • n ii'e aesignateo PC-’ 0 24 ’E.m . The extra wires 
seen on the Coard are modifications made for the 
application here. In particular, these connections 
P'O’ide .-nchr on I r I ng signals for the microprocessor, anc 
a' so a ■> 1 O'M the m i cr opr ocessor to modify the integration 
t ' rr.e , thus giv*ng it a means of maintaining optimial gain. 
The CLC’-to-c I rcu I t board cable attaches to the underside 
C'f this board and is not visible in this figure, a 44-p i n 
edge connector for the RC-lCi24S»4 c* rcu it board is wired to 
the 25-p I n connector on the front of the Electo-Optic 
Converter housing. The only connections to this 25-p i n 
connector, be>ono these to the 44-p i n edge connector, s.re 
the poi'ier and signal to the lamp and lamp so’ id-state 
S".' itch rrie n t 1 on era bov e . 

2.3 Processor 

Tr.e Processor works with the El ec tr o-Dp t • ca 1 
Subs* stem to analrse optical data from the 0PCD4- FF T-ICOO 
se'scr to obt I the desired temperature data. This 
P'orer-o' IS ar, "hIM-oC'" standard nn cro-computer built b- 
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FocKuiell, I n terns t i on® 1 , combined with e second IC known 
»s the "01C>E0“1" expsnsion bosrd. (The pot-^er supply wes 
9 Iso expended to include requirements o-f the CLD Cherr^e- 
integreting L i ne-scenn i ng Device circuits discussed 
obove.) The two ere mounted in * single c«se. F»s Pert o-f 
OPCOA's continuing upgrading progrem, it is planned in 
■future systefTis to use the siTieller "Commodore 64" instead 
o-f the AIM-65 micro-computer, along with a more 
specialized replacement for the OIDEO-1 . Advantages o-f 
the Comn-iodore 64 include improved reliability, smaller 
Size, increased inter a 1 memiory -for reduced requirements 
on the expansion boar lower cost, easier availability o-f 
service and/or rep 1 * ceiTien t . The AIM-65 had advantages o-f 
■flexibility in this earlier deve 1 oprrien t . The fact that 
both of the microcomputers use 6500-series 
rr. I cr opr oces sons , and thus have the sarrie machine-language 
instruction set, will ease software transition. 

The Processor . requires only two connections to fTiake 
the FP.T-IOCO Sv'Stem operative. These consist of applying 
standard 11 0-volt a.c poujer, «nd of connecting the 25-pin 
connector on the cable fro"' tha Electro-Optic Subsysterri. 

An optional connection is frorri the Processor to a 
standard television (75-ohm cable with RCA audio jack at 
Processor end) to provide a monitor display of the raw 
optical spectrum of the sensor signal, and a cleaned-up 
versicn. (As a secondary feature, this display will 
present the spectrum of any optical signal provided bv the 
user to the input fiber.) At present this signal is 
moaulatea for channel 3. 4, or 5, depending on tunina r,.f ^ 
coil nest to the 75-ohm cable connection on the processor. 
It IS planned for future units to be available for mionitor 
c onne c 1 1 on also. 


In operation, the Processor sends on /off signals to 
the Optic lamp, and digital sample- time signals to the CLD 
board. The samip ' ^ - 1 1 rrie signals determines the free 
running speed of the CLD board when then sends data read- 
signals to the processor. 

The AIM-65 board is a standard piece of hardware. 

All special functions are performed on the UIDEO-1 board. 
Principal 1v this board provides anal og/di gi tal conversion 
for the CLD signals. In addition it supports the EPPDMS 
which store the specialized progr arris which save and 
analyse the spectral optical data and convert this 
I nf orfTia 1 1 on to sensor teiTiper a tur e . It also provides 
additional Fvtt^ at more convenient merriorv locations. In 
addition, although not fundamental to the terriper atur e 
conversion f'jriction, it rriakes the video screen spectral 
oisplar op ton possible by providing the permanent 
software, tne needed additional video RAM and the hardware 
necessa’’' for the video display. The AIM-65 and otner 
standard boards are snown in Figure 2.6, as well as the 
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comp le tec FP/T-1000. 


3.0 Op»r»tinQ Inst ruction* 


3.1 Hookup and Initial izati on 

3.1.1 Electrical . The electrical hookup requires 

on 1 y : 

1. Fluo cord on Processor to standard 110 u, 60 Hz ac 

p oi.i-ie r 


2. Connect the 25-p i n connectors on the ribbon cable tc 
rne Processor on one end and the Electro-Optic Subsystem 
on the other end. The connector on the Processor is 
•female and located on the back panel, ^he 25-p i n 
connector on the Electro-Optic Subsystem is male and 
located near the two •fiber optic connectors. 

3.1.2 Software Initiali zation. It is corn'en I en t to 
initialize the so-ftware be ■fore attaching the •fiber-optic 
cables. This is done as •follows. 

1. Turn on Processor ac power at the switch on the b?cl-; 
panel . 

2. Enter the •following <"Ptn'' reefers to the single ke- 
labeled ‘•PETiJPN'' , Use shi^ft as r ecu i red, e.o., •for ' *" ) 


KEYS TYPED APPEARS ON DISPLAY 

V Power On-i ■^ 


♦ 9 8 0 Cl 
P t n 


<* vsOgOO" 
< 


0 <G>/'" 

Space 

(Ctrl -C'r I n t ) ( OFF ) 


Cntl -Print < Pr i n t ke> depressed while Control f e » is helc 
down ) i s OP 1 1 on a 1 . Cn 1 1 -Pr I n t toggles printer c ^f •* on . 

Use here i •f it is desired not to print out temiper a t u' e 
"•lues during normal opei’stion. 

P U fv RUN' 


C - 1 r 


NEl'.i REF?( »/ ) 
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3.1.3 Optical Hookup. r t ri i « point in t h f 
initialization it is nscsssarv to decide i a new 
reference is to be used, or i -f tt-e de + aul t reference will 
be used. i4t low sensor temperatures, a variation in the 
voltage oi the lamp produces a spectral shi'^t similar to 
that produced by a change in sensor temperature. The 
system delivered under contract t-JAS 3-23522 has the lamp 
voltage set to a slightly di-f-ferent val-ie than that at 
which the de'tault spectrufti was recorded, resulting in an 
O'f+set at these lower terriper a tures . In later versions o-f 
the FP^T-lOOO it is planned to use a lai^ger initial Fabry- 
Ferot gap dimiension to largely ellimiinate this e-ftect. 

For this, and other reasons discussed below, it may be 
aesira.ble to ta^e a nei-.i re-ference. 

7r answer to the question "NEW PEF*^" above, any kev 
e cepr " 'i " '"6 pace" is convenient.) will cause the new 
'■eference sequence to be skipped, and a de-fault set o-f 
re-fe'ence data to be used. In this case the sequence 
.iurrips directly to the request for “SENSOP SIG, ANY KEY" 
■see be 1 ck-'> . • I -f a !■ e • de-fined in Section 4.1 is entered 

instead o-f space or another unde-fined key, the requested 
operation will occur be-* ore the prograrri proceeds. See 
Section 4,i> If the ke> "Y" is hit. then: 


FEF SI GNaL . . .ANY kEv 


Tne prog'^arr; no'-' watts for tne reference signal to be 
corne:ted at the Electro-Optic Subsvsterri. If the Screen 
C-'SC-la* option is being used, the signal spectrum, will be 
d'spia-ed cn the T' ' screen in a real-tirrie mode, so that 
ft re-^erence signal can be seen as the optical cable is 
c e ! n Q attached. 

This connection is m.ade b*- connecting the short 
ficer-optic cable directly from- the input to the output, 
i-iher connecting this in the unit delivered, it is 
necessary to put one or both of the connectors only part 
i-a • intc the connector socketfs) to avoid saturation of 
the signal. 

Once the reference signal is established, hit arf ka>- 
■I "space" IS convenient' to indicate "read'.' The progra'^' 
i.M I 1 1 noi'i g :■ t h r ou gh a n op 1 1 m, i z i n g s e q u e n c e in o 1 v i n g 
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When the oct imi ret i on cf the re'ference sign el is 
cofTiplete, the d-splev (.••ill reed 

SENSOR SI 6, ANY KE v 

Attach the t(*JO FP/T-1000 ■fiber-optic cables to the 
two connectors on the Electro-Optic SubsystefTi. I ■f the 
option is being used, the screen will be displaying the 
resultant signal, real time, to verify that the connection 
I s c or r ec t • 

When a key is noi^i pressed, the sensor will go through 
an initialization sirriilar to that described for the 
reference, in this case optimizing the parameters for the 
sensr.'’ signa'i . When this procedure is corripleted, the 
normal temperature rrieasuring mode will be entered 
a u t oiT latical 1 > • 


3.2 Normal Operation o-f the FP/T-1000 

The d I s p 1 a V (''ill n O''' read three values, separated b » 

" " On the left is the rms error of the fit. In the 
mi ode IS the '..'alue of the masiimufri data point (25S 
ma'; imum). On the right is "T=" the temperature in Deg-C. 
If the printer was left on during i n i t i a 1 i z .■ t i on (poi*.'er-up 
de*aj't . these val'jes i/m 1 1 also print out aC'Out once 
e-'f ' ' c second: . 

Our I ng normal operation the processor is constantl,' 
perfoi'ming tests relating to per f ormiance . When parameters 
are disco'iered which (Moula cause excessive errors, re- 
ortimizst'on proceedures are called. More rrionitoring 
techniques such as these are planned for future a v« terns. 
One of the two routines which ('^lill be noticed during 
normal operation at present are the "NEW ZERO" routine 
(•.'••iich IS entered iihen the CLD ( Charge- i n teg- a 1 1 ng Line 
E-canning De*-Mce' s>stem has been determined to have 
drifted be*orid set limits. This will occur most often 
soon after j previously cold system has begun operation, 
ana will occur verr little if ever after the s vs tern is 
thoroul/ wa.rrT-ed up. The other automatic routine which 
i-.'ill be observed to occur occasionally resets the gain ana 
offset paramie^ers. This routine is entered 
au toma t i c a 1 1 r I most often when the temperature is 
changing, resulting in changing sensor signal levels I'.'h i c h 
are best handled with changed gains. 

4.0 Operatino Potions Available 

Figure 2.1 is a sirr'plified ftiap of the rriodes of 
oceraticn. wa'S of going fromi one rriode to another, and 
: ■ 1 " : . r a ' c orrirr. a -c s a • a i 1 a t' 1 e in each o the rri-o - e s . 
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F*-ftrrino to Figure 8.1, it will be seen that the 
! n I 1 1 e 1 I ze t I on entries listed in Section 3.1.2, eboue, 
tooi^ us through the monitor, through BASIC, end to the FP 
Program. Within the FP Program there are e number o4 
ccKTifTiands i»ir, ich can be used. These are described in the 
next section. 

Some cofTimands available in other modes are discussed 
in subsequent sections. Commands relating to changing 
modes are generally discussed under the mode being lett, 
but some are considered seW explanatory in Figure 3.1. 

The screen display (optional) has a slight problem in 
the system delivered. (This will be corrected in later 
units.) When a new ZERO is taken, the screen display is 
S'" itched to displaying the zero data during this routine. 
Due to a programing oversight, the displav is not switched 
bacf at the end o-f this routine. There are two ways this 
can be done fTianually without chahging the values o-f the 
variab’es in the prograrri. These are mentioned in Section 
4.1 under "Key, S" and in Section 4.2 under "SP=DP". 

4.1 FP Program Options Available 

During operation, several options can be instigated 
br pressing suitable keys. The keyboard is checked once 
ever.' temper a t'jr e cycle; hence, the key much be held down 
until the end c+' the current cycle. Also, anytime the 
processor asi-s -for "miNv KEy" the use o+ one o-f the de-fined 
t e ' s will cause that operation to be performed. The ke>s 
fit ten j'-e de-tined ai'e as in the -foil owing paragrapns. nn 
unde -fined (> e > will simply be printed and operation will 
continue, t^-fter the operation o-f a de-fined key is 
completed, the s vs tern will ask •for another key, and wa ' t 
until =. 15 p’-esse-d. I -f S'rriple program continuation is 

desirea, press "Spsce" or anv unde-fined kev, I -f another 
de+ined kev is pressed, that operation will be per -formed 
and the s»stem will ask -for still another ke> , etc. 

I- e V , Z. This k e ' will cause the svstsm to read a nei 
zero, i.e., the optical dark signal. 

re;p, S. Sensor gains and of -f set parameters will be 
a -j t oma t i c a 1 1 v optimized. 

Kev, 2. This k e will cause the nevt optimiizing 
operation to optimire onlv the two variables amplitude and 
offset. Eecause these variables are bv themselves linear, 
tnev will convf.rgt rapigi. and aid in system: convergence 
in cases i^ine'e the current approx imiat i on is far off. This 
opei-ation normiail- happens automiat i ca 1 1 » , however, and the 
he- entr» is not nee-ded except perhaps for testing. A 
two-" ar I at 1 e iteration can be observed in normial operation 
D- the fact that the sarnie i dent ■ ca^ temiperature is printed 
; . t -‘O' t''C sec'jer. tic’ iterations. Tt>‘s is comim.on i-ihen 
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thf svftetn i* -firit pow»r*d up 

Key, T. Th i » key elloiAift the operetor to ineert • 
di-f'fererit <^*lue tor X3 in the eetimetion v^ector (X3 it the 
eyftetn tempe r*tur e peremeter). Thit het two utei. Pint, 
it meket it pottible to obi e rue the dynemict O'f the 
convergence by upsetting it temporer i 1 y . Second, the 
estimeted temper* ture it ^*r 4rom the correct velue, there 
ere, in the delivered system, situ*tion« in which *n 
erroneous st*ble point c*n be -found by the temper»ture- 
estifTisting ♦Igc'ithm. By using the T entry, the oper*tor 
c*n bring the systerri to * region in which it will 
convergence correctly. Softwere systems ere being 
designed which will eu tomet i cel 1 y detect this problem end 
locete the correct steble point. These will be 
incorporeted into future systems, but for the present, the 
T entry gives * method of recovering if there should be * 
problem of this n»ture. 

Key, Enter Alternative start end end values of n. 

The default values here are 18 and 81. This means that, 
although 128 elements of CLD < Charge- i n tegr a t i ng Line- 
scanning Device) spectrum are taken and converted to 
digital date, only those over an (81-18+1*64) range are 
used in the analysis. This was done in the interests of 
speeding up the operation and also because the 
illumination outside this range is rather low and does not 
ccTi tribute a great deal to the operation. Use of this key 
enables the operator to determine the effect of including 
this ey tra data. 

Ke / , I. interval of data, used in analysis. Default 
value is 4. This means that only data points 18, 22, 26. 
etc., are used in the analysis. This using every 4th 
point is purely in the interests of speed. Liher more 
sections of the software are converted to rriachine 
language, the speed here will not be a problem, and every 
point (Mill be used. In the delivered unit, this key entry 
permits operation at different values of 1 to be 
evaluated. 


Key, 0. £uit the program and return to BASIC. 

Key, FI. Transfers operation froffi Program to Direct 
entry Basic ty causing a "BREAK" in operation. If the 
printer is not on at the time of a break, it is good 
practice to hit the "Print" kev immiedi atel y after "Fi" in 
order to make a record of the line number in which the 
break occurred. After this break direct commands can be 
entered. Afte- completing direct coffifTianos , operation can 
be resumed I'lhere it left off by typing "GOTO y.y>.y. Return 
where vxvv is the line number displayed upon the breai-. 
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4.2 ‘BASIC Option* Avil^bU 

One* Comm»nd BASIC h*» b**n tnt»r*d with Key 

Fl , fri*ny o* th« ufu»1 BASIC direct corrtrriendf c*n be u»ed. 
However, beceuie the progrem is stored on EPROM, no 
entries which Attempt to chenge the progrsm will work. 

Some o-f the most u*e-ful entries ere those thst print out 
velues oif the v*riAbles, or which change these u*ri«bles. 
E>iAmples Are listed beloo*. 

4.2.1 GtnePAl BASIC Direct ComriAndi 

Cntl -Print. Toggle printer e-f-f end on. 

PPINT ZP;DPtSP. ^cr: ?2P;DPjSP) Ueluee o-f di-f-ferent 
veriAbles cen be obteined. 

SP*DP. Chenge SP (Screen Pege » to DP (DetA pAge > . 
This IS An optionel we* o4 resto'^ing the screen displev 
A^ter the 2EFD routine, during which, the screen pegs (SP) 
if chenged ^rom normel detA to zero pAge <2P). As 
mentioned eboi'e , due to a progrArriing oversight in the 
delivered s>stefT', it is not chenged beck et the end o^ 
thet r ou t 1 ne . 

PUfi 40000 . This is A short, ev peri men tel BASIC 
routine thet elloi'is the operetor to enter velues -for G''J 
(Gein Number), aO (Anelog 0-f4set), end CG (Gsin o-f the 
ClD, the Cner ge-i nteo" At I ng, L i ne-sc Ann i ng Device ^ while 
the screen disple- continues. The 6 a i n Numbers ere not 
mono ton i c i" I t ge i n . 

4.2.2 TemoerAture ScAle-PACtor Modi f I cst i on . The FP 

Pro;'' AT. mst’es no provision within the progrAm ■fo' 
n-rc -'•'••1 c" re'ib'Ating the temper A tur e-ou tpu t scA^e 
•ficto*. in •tutu'e ''ersions it is pi Anne d to include 
routines ^o'" celibrAting the instrument. Although the 
routines wii’ be r ether elAborete, involving KeimAn 
til ten I no, their operetion will inuolue simply entering 
tnoi'Ti temiper Atures when desired. Upon entering a 
CAlibrAte symbol, the routines will Ask ^or estimAted 
pnobAble error ot the entered dete, end then combine this 
detA uith previous CAlibretions to obtein en overell best 
estiiTiAte o-f the ca 1 i br At i on . 

At present, ho'-'ever , in the delivered s-stem, i^ it 
IS desired to chenge the CAlibretion, it rr'ust be dor.e 
TiA'’iuAl1y, ft -follows. First, the CAl'br*t'on eouftion s 
ere o-f the -form, 

T , « (Tf.) - Td ,fcr V? ;■ ! 

T » (X3-T0 :• ♦ (T1 - (X3-T0) * T2> ,^or X3 •< 3 
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Th« c*1ibr*tion contt*nt« which 

i n I 1 1 *1 I 2 *d into th* lytt^m immf di •t* 1 y upon enttringwith 
* RUN cofTKTii>nd *r* 

TO ■ 1 .62 

T1 ■ 166.67 
T2 - 47.25 

T5 « 47.22 

Te “ 1 . 6e 


Figur* 2.5 »how» * c»1ibr*tion run on th* »tntor 6rofn 
roofTi t^fTiptr » tur» to *.bout 350 d*g-C. It is s**n th*t th* 
pjritol'C c* 1 i br*t i C .1 b*lou< X3 ■ 3 <T ■ 140 d*g-C) is 
introductd to corripensf ts 6or th* touching shown in Figur* 
2.4 *nd described in Section 2.1. As mentioned, solutions 
^or this problem »ppe»r to be c1e*r *nd *re plenned. 

Rece 1 i bret i on o-f the sensor csn be msde by 
r ec e 1 cu ‘t e 1 1 ng these constents snd introoucing therri et en v 
tifTie e-f ter the system is started with * Pitt-J comm.end. This 
could be done, ■ro'' exemple, with the -follouiing sequence. 


R 1.1 tJ 


F tn 
Pi 

T5«. . . 


F tr. 


T 6“ . . . , etc. 

6C'"'‘0 SiOc 


Ptn 




Rutr 

NEW REF^CY/ ) 
''BREAK IN Si 06 

T5* . . . '' 


c • 


GOTO 8606'' 

Note thet "NEi'i REF-scy / > • 
will not reeppeer et this 
point, but the prrgrsrr is 
still waiting 6or the 
•nswyer to thet question, 
so, -for exemplei 

REF SIG...ANV t'E. 


And so ^orth. Tne line number 8c06 is en example end 
r.ff':c I is to be the line number which occurs when the s-stem 
If ifnting <for > ke^' input. 14 Fl-bre*t is rrisoe *t »nv 
ether timie. when reedy to reenter the progremi simply GC^D 
♦.n* line riun.ber et which the breek occurred. The progremi 
cer'.ct C‘( reentered with e RUN comimiend in this cese 
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b*c»ut* li^ould c*u«» th* r» i n i t i *1 i z*t i on o< *11 

to th* <J»^*u1t Th* GOTO r**ntry 

pr#»»rw*t *11 v*lu*« *rit*r*d fTU»nu*ny, •§ wpll *s th* 

Mhich Ki»r* tn tn* progrptri *t th* br**k, 

4.3 M4chln>-LanQu*Q> Routin**. 

One* th* fvttpm h»t b»tn ini tipi iztd (Mith 
•9600 ,Ptn ,6,Sp*c* S *nd thp Monitor r#pnt#r*d (Epc ^roffi 
Bm 6IC>, th*n th* k*y, F2, will *nt*r op*r*tion to th* 
m*chin* Ipngu*©*, r**l tim* di*pl*y. Th 1 1 rout in* (which 
ut*i no BASIC commands) will ditp1*y th* «p*ctrurr! one* 
per Off th* «cr**n. It ip u«*^ul for * imply ob**ruinQ th* 
op*r*tion of th* »p*ctrum. S*u*r*1 conyripndi *r* pupilpbl* 
during op*r*tion of thi* rout in*. Soffi* of th*t* *r*i 

A, S*t Arfic-j O'^fift *pp1i*d to th* pn*log p*ri*l 
fign*l fpofTi th* CLO bo».rd. 

G, S*t A-i*log 2« on th* CLD *ign*1. 

C, S* t 2LC- 6* in. Th I * if p digit*! control *nd it 
oC'*'‘*tf* bv chpng.ng th* int*gr*tion tim* (count) u**d by 
tn* CLD. 


0, Turn Lpmp off. 


1, Turn 1 *ftip on. 

F, Print difp!*'* if print buff*r full or n**rl> full. 

Z. P**d n*w 2*ro d*t*. Thif will not turn lpmp off. 
I*" 1 piTip I* not turned off m*nu*11y b*for* r**dmg n*w z*ro 
dft*. th* "r*ro" dft* will b* fotti* »p*ctrum, pnd 
iuCE*au*nt difplPrP will hiiu* thi* *ubtrpct*d frofti th* 
curr*nt *p*ctrum. 


4.4 lnd*D*nd*nt BASIC Fpcility. 

If Basic i* *nt*r*d ufing th* <5> *ntry cofTt?r.*nd, it 
|.•.||11 function Pf p normpl BASIC, with th* OPCOA FP Progrpm 
n*vi*r popilubl*. One* thi* *ntry i* mpd* , the <6> r**ntr> 
will r**nt*r thi* BASIC in*t**d of th* u*up 1 FP Progrpm 
k>*'^SIC. Opfi'Ption in thi* BASIC iriod* it ind*p€nd*nt of, 
pnd not di'^tctl * co'’n*ct*d to. th* FP/'T-1000 *ytt*m b*ing 
d**crib*d in thif docum*nt. In ord*r to r**tor* uf* of 
th* FP Progrpm, »h* ♦^800 initipl i r * 1 1 on mpv b* u**d *.g* i n 
fr oiTi th* Mon I to'’ . 

For *n . cufitioni or com-mipr. 1 1 on th* C'PCOa FP-T-lOOC' 
*>*t*rri, OPCC**^ p*rfonn*l iAi*lcorri* pnd *ncourpg* contpct. 
EfCP'jf* of th* fhoi't durption of th* prog'’*m <12 month* J, 

« c*'’im*ntf on 1if*tim*t c* tn* indii-ioopi comipon*nt» 
c : u z I” ; * D* c on cu : t * d . 
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All i t*mt d*livtr*d under Contrect NAS 3-24322 ere 
•xperimentel in neturei *11 werrentt end requirementt m*y 
be 9ound b» reference to the oripinel contract document 
end/ emendmenttt No other Merrenty, expreteed or implied 
I t given . 

5.0 Per^Qpmence 

Th i ft vection diftcuftfteft the ueriouft per erne tere which 
determine the ef -f ec t i weneftft o-f the FP/T-1000, compered to 
other ftenftor ftyiteme. Such peremetere eft eccurecy, 
refolutien, range, hyfttereftift, etc., ere conftidered end 
beet efttimeteft baaed on experimentel reaultft ere provided. 

5.1 Accuracy 

The eccurecy oi thift inetrument ift fttill undergoing 
ttud'>'. Some o^ the imp or tent limitetionc being considered 
ere (1) phyticel limitetiona o4 the fteneor itfteW, (2^ 
limitetionft of the CLD opto-el ectr i c converter, (3) 

1 ifTi tet I orift of the enel og'di gi tel converter, end <4> 
limitetioni of the algorithm which convertft the digital 
dete tc temperature. 

3.1.1 Senior Limitetionft. The phyaicel limitetiona 

of the sen tor itself involve chiefly thofte factors which 
effect the mechenicel stability of the parts themselves 
end the manner in which they e^e joined. Ouelitetively, 
the ffie'ceriels used ere e;<tremely stable. Fused silica end 
Dow Corning UlE ere both ufted where extremie stebil i t> ere 
tnf primer*' concern, for example in primary mirrors fof 
large reflecting telescopes. However, as the sensing 
technique is capable of detecting very small 
d I sc ' ecemen ts , this qualitative stability cannot be used 
to draw an* positive conclusions concerning overall 
stebil it>. It IS thought that any definitive conclusions 
will he*.'*, to await long-term testing of a coffiplete 
I n s t ume n t . 

The rriethods used to make the joints between parts can 
likewise be said to be extremely stable. The expansion 
collar IS attached to the base by glass fusion wielding 
(using a glass frit designed for use with these 
iTia ter i a1 s) . This fusion layer is both thin and stable. 

The sensor top is joined to the expansion collar b* 

"optical contacting," a technique which involves getting 
the surfaces so clean and smooth that the* corr.e into such 
intimate contact that ther are held together b*- moieculaf 
forces. Like the glass-frit fusion, this method is also, 
Qua 1 i ta t i ve 1 y , ver> stable. Hcwever , as wi. th the parti 
materials, this known high stability cannot be used to 
draw positive conclusions on overall stability, and it is 
expected therefore that overal 1 sensor stabilit*- must 
ai'a • t su I title long term, testing. 
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5.1.2 Ooto-E1»ctr ie ConwrtT Llmitatlona. Th* 
opto***1 *ctr i c conv*rt«r introduct* r*ndo(Tt 41uctu*tion« to 
th* irtdividu*) d*t* points »t th* dif^sront wst^tlpngtht 
bting m»*tur*d. Hom th*s* propogstt through tht systtm 
hss not y»t b»*n studied. 

in dttsil. HoMtMtr , Addition*] so^tM*r* could b* ustd to 
•v*r*g* such ^1uctu*tions ou*r su^^ieitnt tim*s *s to 
(Tiinimiz* th*t* *^4*cts. 

5. 1 .3 An*1 co/Dt o> t*l ConuTtT Ltmttations. Lik* th* 
opto-*t*ctr ic eonu*rt*r, th* A/D conu*rt*r intrcduc** 
r*ndo(n f1uctu*tions to th* indiuidu*] d*t* pointSf *nd 
th*t *^f*ct c*n b* tr**t*d in th* s*in* max At th* r*ndo(Ti 
*-f<f*ct* du* to th* opto-*l*ctr i c conu*rt*r, Th* A/D 
conv*rt*r, in Addition introduc** digitizing *rror t which 
Cfin b* tr*At*d in * tom*whAt timi]*r ^Athion. 

5.1.4 Aloerlth Limi t At 1 ant. Th* Algorithm which it 
ut*d to conu*rt th* r*w dAt* to t*mp*rAtur* introduc*« 
limitAtiont on th* tvtt*m *ccur*cx. On* t*t o^ t*ctt 
which ui»f p*r^orm*d on thit limitAtion w*t conduct*d *f 

First A f*t digit*] d*t* was obtAinid ^rorr> 
th* D/A con'j*rt*r, *nd *tor*d in mi croprocAttor mAmory. 
Th*n thit d*t* was *n*]xz*d to d*t*rmin* th* indic*t*d 
t*mp*rAtun*. N*xt, on* *]*m*nt (r*pr*t*nt i ng on* 
wA>>*1*rigth in th* spACtrum) was chAng*d bx th* ]**st 
* I gr. I I c An t Amount. For *v.*mpi*, th*r* *r* 128 0*t* 
point*. And AACh c*n w*rv ^remi 0 to 255. On* th*t* was 
t*^*n. And 4or AxAn.pl*, i4 it h*d * wAiu* o^ 177, th*t 
I'l’u* wn ch*ng*d in m*mor y to 176, wh i 1 * th* 127 oth*r 
OAtA po.ntt w*r* ]*^t unch*ng*d. Th* Algorithm was AgAin 
run. And a n*iAi indiCAtAd t*mp*rAtur* mas obt*in*a. Th* 
Algorithm was r*rur b*tor* And *4t*r to intur* thAt th* 
r**.iti i“*r* r*p*At*b1*, which th*x w*r*. Th* rAtulting 
inc.CAtAfl di^^*r*nc* in t*mp*r*tur* wAt 0.000006 d*g-C, or 
6 mi cro-d*gr**s-C. Out o4 a rAng* 1000 d*g-c, this 
rftr«t*nri J pf-t in 166 million. This r*pr*t*nt* th* 
i*ASt chAng* in t*mp*rAtur* which c*n b* d*t*ct*d th* 
AlgorithH'. <Th* r*p*At*bi 1 i tx troir. run to run, utmg tn* 
s A.m* digit*! d*t*, WAt b*tt*r th*n this.) 

In Addition to the Abou*, th* nAtur* o4 th* Algorithm 
contributAt to th* m*nn*r in which oth*r *rrort Ar* 
propog*t*d. Houi*u*r c on tr i bu t i on* m*d* by th* Algorithm. 
it**W to ACCUrACx 1 IITii t*t i Oh* AppAAr to b* tOtAlly 
n*g1 I g I bl * . 

5.1.5 T*tt R*tultn. Th* t**t r**ult« to d*t* h*^'* 

«hoiAin th* Acc.-'ACv to b* lim.itAd bv rAnoom ncit* *t-t*ct*. 
u.*- ich h*i»* 1^*1 u*« in th* 1 d*g-C r*ng*, *xc*pt At th* 1 o< 
t*m.p*rAtur* rong*, wh*r*, *« AxplAinAd *lt*wh*r* i r. thi* 
r*co'’t, r*Adingt App**r to b* dittort*d, Almiott c*rtAin1v, 
C’jf to COntAct b*tw**n th* FAbry-P*rot plAtAt, tom.Athing 
.•'ich will not occur in ^utur* t*n*ort. Con*id*ring th* 
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di«cutiion on individu*) «ourc*t o4 tccurtcx 
1 imi t*t • ont . &»tt#r r*ftu1tt th»n thift should bs s^ptctsd. 
Rtstont 4or this *nd syttsm improusmsnts which 
•xDsctsd to improu* this noiss Uigurs srs undsr study. 


5.2 Rssel ut I on 

Sems o4 ths ^sctors s^ftcting resolution srs the seise 
es those e^-fecting eceurecy. nemely sensor 1 imi tet i ons, 
opto-electr ic eonuersion. A/D conuersion, etc.. For 
exemple, the limi^etion of the algorithm to 1 part In \6t 
million is a direct resolution factor. The digitizing 
limitation likewise is related. For example a digitizing 
error of 1 bit is the same I bit used in the above. Thus, 
if 128 pcinti have a 1/2 bit average rms uncertainty, we 
might expect the rms error resulting to be 0.5 • (126)^0.5 
■ 5.7 parts in 16^ million. Actually the weighting factor 
on different points is differenti hence, this result will 
very somewhat, but this calculation appears to indicate e 
proper order of magnitude. 

5.3 Ranoe 

The instrument is designed for a 0 to 1000 deg-C 
range. HcNvever the testing done before delivery were 
limited to a 20 deg-C to 400 deg-C range. It is 
antic ipetec that any prot-iemii which might occur at the 
higher temperatures will be periferal, i.e., not inht'ent 
in the design. 

5.4 Hysteresis 

Accurate measurement of observable hysteresis will 
reouire mor ^ accurate testing than has been done to date. 
Eeceuse of different time constants of the thermocouple 
used at a reference, and the FF/T-lOOO, it was difficult 
to dete'miine if there was any measurable hysteresis. 

Theory wise, there are no obvious sources of 
hysteresis. The fused silica and the Corning ULE are very 
pure and should be expected to be very free of any 
internal hsteresis. The fused joint would be expected to 
have negligible hysteresis, as would the optical contact. 
Likewise there is no apparent source of hysteresis in the 
electre-opt I c converter, the A/D converter, or the 
computation algorithm. Hence, it appears that anr 
measurement of poisible hysteresis will have to awa i t teit 
results, which to date have not been extensive enough to 
detect any. 


